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SEDIMENTS AND SEDIMENTARY PROCESSES 
IN GLADSTONE HARBOUR, QUEENSLAND 
ABSTRACT. Gladstone Harbour forms the central portion of the Port Curtis Estuary. 
a drowned river valley on the east coast of Queensland. Physiographically, the harbour 
consists of an axial region of deep tidal channels and linear sandbanks, and this is 
flanked on both sides by zones of tidal flats and mangrove swamp. 
Throughout the area, textural variation of the bottom sediments is controlled 
primarily by areal differences in the hydrography. Accordingly, coarse lag sediments' 
characterize the deep channels of the axial zone, where swift tidal currents occur during 
flood and ebb tides; finer sediment, winnowed from these sites by the currents, Js 
deposited upon the axial and lateral shoa1s. Moreover, sediment differentiation is 
enhanced by tidal concentration of muddy sediment towards the peripheral shoals; 
muds are deposited in these areas in sheltered parts which are not subjected to strong 
currents and waves. Locally, certain areas of the axial zone are charactenzed by 
texturally immature sediments, and these are probably related to zones of intense bottom 
scour which occur mainly at ebb tide. Secondary currents-sets of alternating right 
and left helical vortices which have horizontal axes parallel to the channels-also occur 
at this time and are thought to have an important influence upon the redistribution of 
suspended sediment and upon the growth and maintenance of linear sandbanks. 
Textural study of the bottom sediments has delineated four broad sediment facies. 
They comprise a sandy facies, a muddy facies, a mixed or intermediate facies, and· a 
carbonate facies associated with a small area of fringing coral-algal reers·. In the deeper 
channel areas, modem marine sands are underlain by fluvial sediments which were 
probably deposited during the waning stages of Pleistocene glacial periods as gradual 
drowning of the region took place. · · · 
7 
8 P J. CO NAG HAN 
INTRODUCTION 
Extent and location of the area 
Gladstone Harbour, one of the largest and best protected in Que�nsland, _ forms 
the central section of Port Curtis on the south-eastern coast of the State (Fig. 1) · 
Port Curtis occupies a large estuarine area between latitud�s 23°39' S. and 
24 ° 00' S., and is confined by the mainland and the off -shore barner formed by _the 
continental Curtis and Facing Islands.* The harbour itself is about 50 square mtles 
in extent. On the south-west it is bounded by the mainland, and on the north and 
east by the southern shore of Curtis Island and the western shore_ of �ac_ing Island respectively. The principal town of the district is Gladstone, whtch ts sttuated on 
the south-western shore of the harbour. 
Hydrographic map coverage is afforded. by the following: R.A.N. chart 
AUS.164 (scale 1:75,000); R.A.N. chart AUS.165 (1:25,000' and 1:37,000); 
Admiralty chart 345 ( 1 : 300,000) and the:.-, Gladstone one mile military sheet 
( 1: 63,360). The area is also covered by"' aerial photographs on two scales 
(1: 25,000 and 1: 85,700). 
Previous and contemporary work 
No previous sedimentological work has been done in the area. However, th� 
present study was undertaken in conjunction with contemporary investigations of 
sediments on the adjacent shelf region (Maxwell & Maiklem, 1964). The main 
aims of the project were to study the types and distribution of marine sediments 
presently forming in Gladstone Harbour and the dominant factors controlling their 
formation. A geological investigation of the surrounding district ( Conaghan, 1963) 
was also conducted to encompass the influence of provenance and physiography 
on Recent sediments of the area. Only relevant findings of the latter survey are 
discussed in this paper. 
METHODS 
Field methods 
Approximately 200 samples of bottom sediment were obtained by dredge from 
the harbour during March 1963. In addition, measurements of current velocities, 
salinity, temperature, and pH were made in April of the same year. Intersection 
methods, using a prismatic compass, were used· to fix the positions from which 
sediment samples and water-property data were taken (Fig. 2). Measurements of 
current velocities were made with two types of current meter. A heavy Rigosha 
Ekman-Merz type meter was used for measuring bottom currents in depths greater 
than 2 fathoms, and a small Price acoustic cup meter was used for surface and 
shallow water current measurements. Readings of temperature and salinity at 
various depths were obtained with an electrical salinity�temperature bridge, and 
values of pH were found using a standard glass-electrode meter. Subsurface water 
samples for pH determinations were obtained by Nansen bottle. The positions of 
current rips and areas of turbulent upwelling shown in Figure 6 were charted 
mostly by Mr. R. Isbell of Gladstone. 
Laboratory methods 
Arenaceous sediments were dried and representative fractions sieved at half-phi 
intervals, using British Standard Sieves and a Kurt Retsch (Retac-3D) sieving 
machine. Samples of muddy sediment were wet-sieved initially to separate all 
sediment finer than arenaceous grades. The sediment fractions so obtained were 
then weighed dry, and the arenaceous grades subsequently dry-sieved. Jn the 
-- *The exact geographic limits of Port Curtis are defined in The Australian Pilot (5th ed.; 
1962), IV, 73. 
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FIG. I.-Location map showing the position of Gladstone Harbour and its relationship to the 
Port Curtis Estuary. The stippled areas represent intertidal regions and shoals. 
calculation of dispersion of the sand grades, Trask's (1932) sorting coefficient was 
employed. Granulometric analyses of the argillaceous components were not carried 
out. Seventy per cent of the samples collected from the harbour were processed, 
and about 35 per cent of these required wet-sieving. 
Sediment composition was determined by two methods. Representative 
arenaceous fractions were impregnated using a plastic resin (Poly lite 8007); thin­
sections were then prepared and point-counts made to determine the relative 
amounts of components. The second method (Shepard & Moore, 1954) involved 
binocular microscopic estimations of components in the sieved coarse-fractions -·­
that is sediment, less silt and clay. Data obtained by the two methods were 
integrated and some of the results are shown in Figure 11. The "acid-insolubles" 
map (Fig. 12) is based on chemical work performed by W. R. Maiklem. Solubics 
were dissolved from representative fractions of the bulk samples using dilute HCI 
(<IN). Solution was allowed to take place for one hour at room temperature. 
REGIONAL SETTING 
Regional physiography 
The physiography of the area was treated initially by Jardine (1923, 1925), 
who was concerned chiefly with stream development. Brief notes on the regional 
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SEDIMENTOLOGY OF GLADSTONE HARBOUR 11 
physiography have also been made by Andrews (1902) and Siissmilch (1938). 
In general, the central Queensland coastline has a north-west trend, and using 
Shepard's nomenclature (1963, p. 155) one may describe the coast of the Port 
Curtis region as a ria coast (drowned river valley) belonging to his classification 
of "Primary (youthful) shorelines and coasts". The Port Curtis Estuary, together 
with its northern extension into the lower Fitzroy River Estuary, forms the drowned 
valley feature in this description (Fig. 1). For the purposes of the present study 
the region may be divided into three broad elements: the outer continental islands, 
the Port Curtis Estuary, and the mainland. 
The outer continental islands 
The tidal waters of the inter-connected Port Curtis and Fitzroy River Estuaries 
are protected from the open sea by Curtis and Facing Islands with a combined 
length of 35 miles (Fig. 1). A breach in the barrier in the form of a subsidiary 
tidal opening through North Entrance between Curtis and Facing Islands connects 
the north-eastern corner of Gladstone Harbour with the ocean (Fig. 3). Curtis 
Island tapers from about 15 miles in width near its northern end to 7 miles in 
the south. Facing Island is much smaller, being 9 miles long and ranging from 
0.5 to 2 miles in width. Topography on both islands is generally low, the highest 
point being Ship Hill (568 feet) in the south-west corner of Curtis Island. Facing 
Island has its highest elevation (240 feet) in the south near. Gatcombe Head. 
Throughout the region, relief is influenced by structural features; north-north-west 
trending strike-ridges are common, and a low range of these hills is present along 
the western side of Curtis Island. Both islands are drained by creeks of variable 
size. Many creeks draining Curtis Island to the west are of considerable size and 
are subject to tidal influence over much of their length. Many of them are flanked 
by extensive areas of mangrove swamp. On Facing Island, drainage is symmetrical 
towards both sides of the island; the creeks are small and are not appreciably 
influenced by tidal fluctuations. The islands are characterized by poor development 
of beaches on the west, but almost continuous sandy beaches occur on their seaward 
coasts. These ocean beaches are bordered by sand dunes throughout most of 
their length. 
The Port Curtis Estuary* 
In the present discussion, the Port Curtis Estuary refers to the coastal tract 
within the defined limits of Port Curtis (see above) which is subject to tidal 
influence (Fig. 1). As such, the area comprises a complex of inlets, channels, 
shoals, tidal marshes, river ana stream mouths, small islands, and shorelines. This 
zone is bordered on the east by the outer continental islands and on the west by 
the mainland coast. In the north, the estuary encompasses the tidal channel of 
the Narrows as far north as latitude 23°39' S. This part of the Narrows channel 
is a tidal watershed (Fig. 1), and at low tide the channel bed is exposed here; 
also, flood tides entering the channel from the north and south via the Fitzroy 
Estuary and the Port Curtis Estuary respectively meet in this vicinity. The southern 
limits of the Port Curtis Estuary extend to South Channel (23°57' S.), which is 
the true mouth of the tidal stream. It is here that the south-east trend of the 
estuary turns eastwards to enter the sea between East and Jenny Lind Banks (Fig. 
1). A smaller north-easterly trending channel (North Channel) also crosses the 
East Banks off the south-eastern coast of Facing Island (Fig. 4). The Boyne and 
Calliope Rivers which drain the hinterland to the south-west enter the estuary 
through its south-western coast near Gladstone Harbour (Fig. 1). Several smaller 
creeks also flow into the estuary from the mainland coast. The most notable of these 
*The term "estuary," as used in the present context, conforms with the recent definitions 
of Cameron & Pritchard (1963) and Guilcher (1963). 
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SEDIMENTOLOGY OF GLADSTONE HARBOUR 13 
is Auckland Creek, which enters the harbour adjacent to the shipping wharf. A 
number of partly submerged hills form small islands within the northern part of 
the harbour. 
The mainland 
Much of the mainland to the west of the Port Curtis Estuary consists of a 
low coastal plain. This is especially true to the north of the Calliope River in the 
valley of the. Narrows. Relief is also subdued along the coast south-east of the 
Boyne River. The area to the south of Gladstone between the Boyne and Calliope 
Rivers is hilly and consists of strike-ridges which attain a height of 600 feet 
in the south. 
The Mount Larcom Range forms a prominent mountain feature and borders 
the coastal plains of the Port Curtis region on the west (Fig. 1). This range, 
reaching a height of 2,073 feet in the north at Mount Larcom, trends south-south­
easterly, and loses its identity southward; south of the Boyne River it merges into 
the higher Many Peaks Range. Both the Calliope and Boyne Rivers flow north­
north-easterly through deep gorges in this coast-range barrier. The Boyne River 
enters the Port Curtis Estuary via two channels. The southern and true mouth is 
located south of Facing Island; the northern channel- South Trees Inlet (Fig. 3) 
- is primarily a tidal channel and does not normally deliver river water into the 
estuary. The lowland area of Boyne Island is enclosed by these two channels. Both 
the CalJiope and Boyne Rivers are influenced by tidal action over a considerable 
part of their lower courses. In the case of the Calliope, for example, the flood tide 
affects the river for a distance -of 14 miles above the mouth. 
-��:;. 
Regional geology 
, ' · 
A basement of Lower Palaeozoic low grade metasediments - indurated 
argillites, arenites, cherts, and jaspers -· occurs throughout the area east of the 
Mount Larcom Range. Extensive areas of Cainozoic sediments -gravels, sands, 
and clays - also occur in some areas of lower relief. In general, the basement 
rocks form the high topographic features except in a few instances where intrusive 
volcanic rocks are found. The tectonic grain of the basement rocks is mostly 
north-north-west and this is reflected in the erosional development of the strike­
residuals. Small inliers of Precambrian? high-grade metamorphic rocks -
gneisses and schists -outcrop in the south of Facing Island and on the mainland 
coast near the mouth of the Boyne River; granite areas are confined to the Many 
Peaks Range area in the south. Rocks of Upper Palaeozoic age occur west of the 
coast-range in the catchment areas of the Boyne and Calliope Rivers, and these 
rocks comprise greywacke, limestone, argillites, and basic and intermediate 
volcanics. 
Recent geological studies in the Port Curtis district ( Conaghan, 1963), suggest 
that structural features have exerted a considerable influence on its geomorphic 
evolution. Block faulting movements during the Cainozoic led to the development 
of horsts and grabens, and the physiography produced by these movements has 
controlled the patterns of subsequent erosion and sedimentation. In particular, 
terrestial and estuarine drainage patterns have developed in response to the 
erosional controls exerted by the planes of weakness along the faults. This control 
would have been enhanced markedly during Pleistocene glacial periods when the 
entire estuarine region was subjected to subaerial erosion. Undoubtedly, excavation 
of the Port Curtis Estuary to even greater depths than now occur took place at 
these times through stream erosion. Sub-bottom information, provided by recent 
geophysical and drilling investigations in the harbour, gives strong support to this 
view. Two areas were studied to provide data for a port improvement scheme 
which is being carried out in connection with large industrial developments in the 
area. This work, which was done in the Shipping Channel-South Trees Island 
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SEDIMENTOLOGY OF. GLADSTONE HARBOUR 15 
area. and in South Entrance. suggests that the bedrock-sediment interface is of 
variable depth. fairly irregular. and in most parts is overlain by interstratified 
sediments which locally may be up to 100 feet in thickness. In places. the bedrock 
is found as deep as 110 feet below present sea level (Andrews, 1964) . Furthermore. 
in localities at the edge of the Shipping Channel off Barney Point, borehole records 
show that marine shelly sands commonly overlie compact alluvial gravels and clays 
which in turn overlie bedrock (Coffey & Hollingsworth. 1964b). In the South 
Trees Island locality. the investigations have proven that approximately 100 feet of 
unconsolidated sediments, mostly sands. overlie bedrock here (Andrews. 1964; 
Coffey & Hollingsworth. 1964a). Vast deposits of sand can be traced southwards 
from here along the coast. where large areas are occupied by stranded beach ridges 
(Whitehouse. 1963). These sands have probably resulted through prograding of 
the coastline following Quaternary sea level changes. Similarly. the deposition of 
Recent sediments within the Port Curtis Estuary bas resulted from changes in the 
marine profile of equilibrium (Kuenen, 1950) associated with post-glacial eustatism. 
Physiography of the Gladstone Harbour 
The harbour is physiographically and hydrodynamically complex. and forms 
the central portion of the Port Curtis Estuary. It may be divided into three broad 
physiographic -zones ·(Figs. 3 and 4) which form areas of distinct sedimentary 
environments. The zones are: the North-Eastern Shoals, the Central Channels 
and Banks, and the South-Western Shoals. 
North-Eastern Shoals 
The North-Eastern Shoals include the intertidal flats, mangrove swamps. 
Sf!:ltpans. tidal creeks, and marshes flanking the harbour along its northern and 
ciistern shores. As shown in Figure 3. this area includes the Pelican Banks. Shoal 
Bay, and the large inter-tidal area bordering the south coast of Curtis Island. It 
also includes the tidal inlet at North Entrance. Sections of the Pelican Banks 
adjacent to the shorelines of Chinaman and Facing Islands are rocky and almost 
devoid of sediment cover. Locally. fringing reefs of coral and algae occur in this 
zone on the rocky substrate of North Entrance and in the vicinity of Rat Island 
(Pl. II. Fig. 4; Pl. III, Figs. 4, 5, and 6). 
Central Channels and Banks 
The Central Channels and Banks are separated from the North-Eastern Shoals 
by Compigne and Facing Channels.* The Shipping Channel and its north-western 
extension towards the Narrows separate the zone from the South-Western Shoals. 
The physiography and bathymetry of this zone are by far the most complex of 
the three. It is characterized by deep tidal channels. numerous small islands 
(Quoin, Turtle, Picnic, Witt. and Tide Islands), submerged areas of rock, and 
large sandbanks. the latter built parallel to the tidal channels. Of the sandbanks, 
Middle and North Banks are the largest and are up to 3 miles in length (Pl. I, 
Figs. 1, 2. and 3). Deep scour-pits commonly occur in confined parts of the tidal 
channels -for example, between opposed headlands in Compigne Channel (Fig. 
4) - and in pl�ces whe_re two or more channels converge. At South Entrance in 
the vicinity of Gatcombe1 Head, the Shipping Channel reaches depths in excess of 
I,O·.fathoms (Fig. 4). In general. depths in the harbour decrease inwards away 
from .�South Entrance. 
At low tide many otherwise submerged sandy shoals and areas of rock, in 
addition to the large sandbanks, are exposed. North Bank, for example, dries to 
the extent of about 6·.feet at low tide. During this period the exposed ebb gullies 
* The place names used here, Compigne, Facing, and Quoin Channels, have been accepted 
by the Queensland Place Names Board. 
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(van Straaten, 1954, p. 14) drain residual shoal 'Yaters from the interior parts 
of the bank into the deeper tidal channels (Pl. I, Figs. 3 and 4). 
South-Western Shoals 
The South-Western Shoals occur along the mainland coastline. This region 
exhibits intertidal elements similar to those found on the North-Easter� Sh�als. 
Sand- and mudflats (slikke) occur in the level be!ween mean lo� .and high tides (PI 2 Fig. 6). Mean high tide level is charactenzed by a prodigious growth of 
ma�gr'ove trees; this mangrove zone a�pea�s to correspond to the "low mar�h" 
transition zone (haute slikke) found m tidal marshes of temperate countnes. 
Between the levels of mean high tide and very high spri�g tides, salt- or claypans 
or, less commonly, high tidal marshes are found (Pl. 2, Figs. 1 an? 2). Ha_lophytes 
form the most typical vegetation in the latter env�ronment�. which const�tute _ the 
"high marsh" or schorre. A network of �mall tidal _1�ulhes or . meandrme ti�al creeks feed the flood tide waters to these higher depositional envuonments, which 
typically occur shoreward from the mangrove zone. Even so, extensive areas of 
the higher flats are covered only by the very highest spring tides. Other shoreline 
pans and flats, remote from the influence of average or even spring tides, are 
perhaps only inundated by salt water during freak weather conditions-for example, 
during cyclonic disturbances. Although small tidal creeks corresponding to the 
Dutch prielen are established in the dissection of most marsh areas in Gladstone 
Harbour, the low cliffs which commonly divide mudflats from marsh areas in 
temperate countries are normally absent. Their absence is undoubtedly due to the 
greater protection from wave erosion offered by the large glades of mangroves 
established in the transition zone. Supporting this premise, minor sections of the 
transition zone characterized by salt-resistant grasses instead of mangroves do 
exhibit small vertical cliffs. 
ENVIRONMENTAL FACTORS 
Climate 
Lying just south of the Tropic of Capricorn, the region experiences a mild 
climate which may be described in general as subtropical. Rainfall is seasonal, 
the yearly average being 38 inches. The wetter summer months (December­
February) receive the bulk of the year's rain; the drier winter months of June, 
July,_ �nd August avera�e only 1-� inches of. rain per month. Temperatures and humid�t� are usually milder than m the tropics to the north. Average maximum 
and mmtmum temperatures for January, the hottest month, are approximately 85° 
and 72.F respectively; corresponding temperatures for the coldest month of July 
are about 72· and 52.F. Relative humidity ranges from an average of 77 per cent 
for the three summer months to an average of 70 per cent for the winter months. 
Sout�-.east �rade winds, which have a mean velocity of about 8 m.p.h., are 
th_e prevatlmg wmds between the months of November and April. However, these wmd� _often become stronger and reach velocities of 20 to 30 m.p.h. Under such �ondibons, moderate to heavy swell develops in the open sea and also in the 
msho�e harb�ur channel�. In the per�od from �ovember to April, the Queensland 
coast IS occasiOnally subject to cyclomc depressiOns. These tropical storms develop 
over the .Coral Sea and J?OVe �outh-westwa�d towards the mainland. They are charac�enze� by de�tructtve wmds of hurncane force, mountainous seas, and 
torrential ram. �un�g the winter period from May to October, the south-east 
trades and cyclonic disturbances �bat� a!ld northerly and westerly winds prevail. 
Water temperatures �an_ge from �6. 
-27 C m January to 19oC in July, and the region 
form_s the southern hmit of prolific reef -coral growth in the province of the Great 
Barner Reef. 
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Fm. 5.-Left: secondary movements in water flowing from the tributary channels C-C' into the 
main channel A-A'. Inset: formation of dip current as seen in successive cross-sections (read 
from top to bottom). In this case, central water mass B dives beneath adjacent water masses 
A and C as the channel becomes narrow and deep. Symbols of the inset cross sections do 
not correspond with those used on other diagrams in this figure. Lines of convergence in 
both cases are indicated by the clusters of tent-shaped markings. (After van Straaten, 1952, 
Figs. 5 and 6.) 
Hydrography 
The regional hydrography has been discussed briefly by Maxwell & Maiklem 
( 1964). However, in the present work, the more important hydrographic aspects 
of the region are the gross tidal characteristics of the Port Curtis Estuarine system. 
As a unit, this tidal system dominates all other factors governing sedimentary 
conditions in Gladstone Harbour. 
Tidal features and primary tidal circulation 
Throughout the length of the eastern Queensland coastline, tidal streams are 
semidiurnal in character, reversing their direction of flow about every 6.25 hours. 
The tidal range varies from about 5-10 feet in general, but locally, at constricted 
parts of the coast-for example, in Broad Sound-it exceeds 30 feet. Apart from 
astronomical or aberrant climatic controls, the tidal range depends mainly upon 
the local physiographic conditions. 
In approaching the Port Curtis coastline from the edge of the continental 
shelf approximately 70 miles to the east (Fig. 1), flood tidal streams flow westward 
until deflected locally by coastal physiographic features. Tidal waters approaching 
Port Curtis through South Channel are deflected into the estuary and enter 
Gladstone Harbour from the south-south-east. Within the harbour, in the zone 
· of the Central Channels and Banks, a further deflection to the north-west is 
effected until the south-west corner of Curtis Island is approached. At this point 
a north-north-west set is re-established, and this direction of flow is maintained 
within the channel of the Narrows. However, the flood tide setting southward 
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SEDIMENTOLOGY OF GLADSTONE HARBOUR 19 
from the Fitzroy River Estuary at Keppel Bay meets the northward flowing Port 
Curtis flood at the tidal watershed in the Narrows (see above). The southward 
flowing stream gradually overcomes that flowing north until a stream is running 
southward through the Narrows. At springs, this current attains a rate of 3 knots. 
As expected, the tidal range within the Port Curtis Estuary increases from the 
South Channel entrance towards the north (Table 1). At the tidal watershed in 
the Narrows, spring tides rise 15 feet, neaps 11 feet, and "king" tides 17.5 feet 
above the level of mean low water springs. 
TABLE 1 
HEIGHT VARIATION OF TIDES IN GLADSTONE HARBOUR 
(data from R.A.N. Chart AUS. 165) 
. . 
I WATER HEIGHT ABOVE LocAL DATUM 
PLACE High Water Low Water 
Mean Springs Mean Neaps Mean Springs I Mean Neaps 
I 
Gatcombe Head 10.9 feet 8.2 feet 1.1 feet ! 3.8 feet 
i 
Gladstone (wharf) 11.9 feet 9.2 feet 1.5 feet I 4.2 feet i 
Because of the large tidal range in the harbour, tidal currents flowing 
throughout the estuarine channels during periods of flood and ebb tide may be 
very strong. Within the harbour channels, surface velocities of 2-3 knots are 
common, and in South Entrance, off Gatcombe Head, surface water velocities are 
known to reach 4 knots. Near-bottom tidal current velocities up to 1.1 metres 
per second were measured in tidal channels during the present work, but faster 
near-bottom currents undoubtedly occur. Current velocities through the subsidiary 
tidal inlet at North Entrance are also high. During the earlier stages of the ebb 
tide, North Entrance passage probably plays an important role in draining shoal 
waters from Pelican Banks back into the sea. On shoals, current velocities are less 
than in the larger channels. Measurements indicate that velocities in these environ­
ments reach 0.3 metres per second (Appendix II). The presence of strong tidal 
water movements within the estuary suggests that marine water circulation within 
the harbour is very good. This is supported by ecological evidence and 
measurements of salinity and pH (Appendix I). 
5econdary currents 
In addition to the primary tidal current system discussed above, a notable 
feature of the estuarine tidal circulation is the regular development of secondary 
currents, especially during the ebb tide when convergent flow of water masses from 
different areas occurs. As indicated in Figure 5, secondary currents in channels are 
sets-or a pair in the simpl�r case-of spirally rotating water masses whose cross­
current action is superimposed upon the more general (primary) flow of water 
along the channels (see also Vanoni, 1944; Nemenyi, 1946; Leliavsky, 1959, pp. 
178-87). Thus, when one or more pairs of secondary current systems have formed 
in a channel, alternate zones of upwelling of bottom waters and downflow of sur­
face waters will occur in strips roughly parallel with the direction of the channel 
(Fig. 5). Where upwelling occurs, the motion is usually turbulent; the rising water 
is often turbid with suspended sediment, and a damping effect on surface waves is 
produced along the zone, so that a smooth water condition may occur. On the 
other hand, where downflow of surface water takes place, the convergent motion of 
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SEDIMENTOLOGY OF GLADSTONE HARBOUR 21 
the cross-currents accumulates flotsam materials-foam, seaweeds, etc.-and oil 
films in long strings along the lines of convergence; in calmer weather when little. Of 
no foam is available, the convergence is often marked by a slick of smooth oil­
d_amped �ate�. These lines of secondary current convergence are known as current nps or tlde-nps, and the presence and areal extent of secondary currents in the 
harbour are observable from their study (Fig. 6). 
As also shown in Figure 6, tidal streams flowing in the deeper channels cause 
much localized turbulence in areas where irregular and rocky bottom configuration 
occurs. When currents reach maximum strength, field observations reveal intense 
upwelling of water in these places. This bottom scour by turbulence obviously 
helps to remove sediment and to perpetuate the rocky pits and deep scour-holes 
which characterize these areas (Fig. 4). Moreover, such areas of vigorous upwelling 
may help to intensify or maintain established secondary current systems or may 
perhaps even initiate these circulations, since current rips often appear to result 
through the interaction of strong currents and physiographic obstacles in the path 
of the currents. For example, Uda ( 1938, p. 361) has noted that current rips are 
frequently caused by locally opposed currents on the down-stream sides of islands 
and other topographic obstacles-a phenomenon not unlike that seen in the island­
studded northern part of the harbour. 
Another important feature of secondary circulation is the development of dip 
currents (van Straaten, I 952), and these probably cause extensive reworking and 
erosion of sediments in channels. Since lines of convergence and divergence in 
marine waters almost invariably delineate water masses of different types moving 
relative to each other (for example, Uda, 1938; Defant, 1961, Vol. I, p. 363), 
differences in density between individual masses may cause the heavier mass to 
sink or dive beneath its neighbours at certain places in channels (Fig. 5 inset; van 
Straaten, I 952, p. 231). For example, if two current rips which separate thre� 
distinct water masses are observed to converge in the down-current sense, the 
water mass enclosed by the two rips must dive beneath the adjoining masses. ln 
his comprehensive study of rip phenomena in the Dutch Wadden Sea, van Straaten 
(1952) has shown a good correlation between the observed positions of dip currents 
and the maintenance of erosion depressions in channels. This correlation also 
appears to hold for areas in Gladstone Harbour where two or more current rips 
converge in the down-current sense during ebb tide. Comparison of Figures 4 and 
6 clearly illustrates this observation. 
Surface waves 
Northward drift of sand is an important process along the ocean beaches. 
This phenomenon is characteristic of the southern and central coastlines of the 
State and is brought about by longshore currents and by the oblique approach of 
wave fronts to the coast under the prevailing influence of winds from the south-east 
quarter. Within the harbour itself during the periods of south-east trades, sufficient 
fetch is provided in the large tidal channels for development of moderate swelL 
Winds from other quarters-dominantly from the north, north-east, and west during 
the colder months-blow transversely to the deeper channels so that there is 
insufficient fetch for the generation of large waves. Occasionally, cyclonic conditions 
also produce great surface agitation of the harbour waters. 
River and stream discharge 
Except at times of season�! dis�harge of flo�d-waters from the . hinterl�nd, 
dilution of harbour waters by nvers IS probably shght. However, durmg penods 
of river flood, epithalassis-flotation of sediment-laden fresh water atop denser 
saline water-as shown by marked vertical changes of salinity, occurs in the 
estuary (see values of salinity for January 1963 at G.B.R. stations 25-28 in 
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SEDIMENTOLOGY OF GLADSTONE HARBOUR 23 
Appendix I of Maxwell & Maiklem, 1964, p. 17). At these times, in addition to 
the Calliope River, creeks that are otherwise non-perennial or semi-perennial 
probably play an important part in this effect. The Boyne, whose main entrance is 
to the south of the harbour entrance although still within the estuary (Fig. 1), 
may not influence harbour waters to a marked degree except during flood tide 
when its waters may be rafted into the harbour. On the other hand, if the discharge 
of flood waters from the northern streams during the incoming flood tide is so 
great that outflow of brackish harbour water occurs on the surface, then the Boyne 
effluent will be carried with it. Thus, this surface counter-flow probably prevents 
the entry of Boyne water into the harbour under these conditions. 
Provenance and dispersal 
The effect of the subtropical climate and regionally mature physiography is 
to intensify chemical weathering throughout the areas of sediment source. In 
addition, source rocks are mostly of an argillaceous nature, so that stream loads 
are predominantly mud. Contribution of sandy sediment to the estuary may be 
made by the Boyne River since its catchment includes the granitic Many Peaks 
Range. However, a more prolific source is found in the Quaternary coastal sands. 
These were probably formed by coastal drift rather than by deposition from local 
streams. Although northward drift of beach sands is presently active along coast­
lines facing the open sea, there is a virtual absence of large sandy beaches within 
the harbour itself north of South Entrance (Pl. I, Fig. 6). It would appear, 
therefore, that tidal flushing of the estuary through this inlet inhibits sand 
penetration into the harbour by drifting processes. As a result great quantities of 
drift-derived sand accumulate near the mouth of the estuary, where they are fed 
to large sandbanks by currents and waves (Fig. 1). Sands added to the extensive 
East, West, and Jenny Lind Banks by these processes undoubtedly bypass the 
harbour mouth and eventually continue northward along the ocean coastline of 
the outer continental islands. 
Dispersal of arenaceous sediment by winds is apparently of some importance. 
Boisterous onshore winds are thought to contribute quantities of finer sand to the 
harbour. This sand is probably derived from wind erosion of dunes along the 
seaward coasts of the outer continental islands. Argillaceous material is introduced 
to the estuary during the periods of seasonal river floods. Although much of this 
sediment may be flocculated and transported eventually to the outside continental 
shelf, significant quantities are probably added to peripheral shoals and mangrove 
swamps within the Port Curtis Estuary. 
RESULTS 
Granulometric analysis 
The results of granulometric studies are presented in Figures 7, 8, 9, and 10. 
The figures show respectively the distribution of modal diameters, median diameters 
and Trask sorting coefficient for sand components of the sediment, and sand I mud 
ratios. 
Modal and median diameters 
Figures 7 and 8 show that coarse and very coarse sands are restricted almost 
entirely to the central floors and deep scour-holes of the main tidal channels. In 
contrast, fine and very fine sands are almost invariably found on the protected flats 
of wide peripheral shoals where they are often mixed with muds. Medium sands are 
generally characteristic of intermediate zones, that is, they are found on channel 
flanks and on the large attenuated sandbanks of the central zone. Medium sands 
also predominate on ocean beaches, on the large banks near the mouth of the 
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estuary. and in the deepest part of the harbour at South Entrance off Gatcombe 
Head. Thus, in general, grain-size increases with depth-a relationship that is a 
reflection of the energy distribution in the area. However. exceptions do occur. On 
Middle Bank two areas of very coarse sand are found opposite Datum and Permean 
Points; a large area of very coarse sand also occurs on the shallows off the pier 
(Meatworks Jetty) between Barney Point and South Trees Inlet (Fig. 7). These 
very coarse sands which occur in shallow sites on banks are texturally similar to 
the coarser sands of the deep channel floors. The occurrence of predominantly 
medium sand on the floor of the tidal inlet at South Entrance is also an exception 
to the general increase in grain-size with depth. 
As shown in Figure 7, some harbour sands are bimodal; these sands are typical 
along the mainland side of the harbour in shoal areas adjacent to the main tidal 
channels. Other small areas of bimodal sands occur on Middle Bank in the areas 
cited immediately above. and in some instances on the floors of the tidal channels. 
Trask sorting coefficient 
The nature and areal variation of dispersion for arenaceous grades of the 
sediments are shown in Figure 9. Generally, sorting coefficient values vary directly 
with grain-size. Thus, unsorted coarse and very coarse sands are found in the 
central areas of channel floors. in certain places on large banks-for example, on 
Middle Bank-and in shallow channels which are adjacent to deeper areas of 
great turbulence (see below) . Patches of sediment from the South-Western Shoals 
are also characterized by unsorted arenaceous components. Such areas are roughly 
coincident with bimodal sands and occur chiefly along the outer parts of the shoals 
adjacent to the deeper. channels. 
It is seen that the best sorting values (namely < 1.2) occur concomitantly 
with decreasing grain-size. This is especially true for areas where fine and very 
fine sands occur in association with muds on the shoals remote from the zone 
of the Central Channels and Banks. Ocean beaches and the coastal sand dunes 
are also characterized by very well-sorted san:ds; in addition, small areas of very 
well-sorted medium sand are found on North Bank and in the Shipping Channel 
off Picnic Island. 
Sand I mud ratio 
Figure 10 shows the areal variation of the weight ratio, gravel plus sand/silt 
plus clay. The pattern is essentially similar to the grain-size distribution shown 
. by the previous maps. Mud contents are naturalJy highest in the more remote. 
low-energy portions of the peripheral shoal areas. In-particular, muddy sediments 
are seen to occur on the leeward sides of physiographic features where they are 
protected from heavy wave action or from swift tidal currents. Thus, the salient 
feature of Figure 10 is the prevalence of sheltered areas located on the north­
western and western sides of topographic highs. An excellent example of this can 
be seen at Quoin Island in the Central Channels and Banks zone. Here, mud 
concentrations are permitted on the western side of the island, whereas only sandy 
shoals are found on its eastern side because waves generated by the trade winds 
are active in reworking the sediments. On the South-Western Shoals mud concen­
trations are similarly streamlined to the north-west behind protecting headlands 
and islands. 
Apart from the mudflat to the west of Quoin Island, the central zone of 
channels and banks is generally devoid of high mud concentrations (namely, 
concentrations >25 per cent) ; in fact, sand/mud ratios for most sediments in this 
zone approach infinity. Nevertheless, instances of seemingly anomalous silty and 
muddy sediments are found in several places in this central high-energy zone. In 
I I I I \ \ I
 \ ,
_ -
, 
so·
s-
M
 
\�,:'"
,� 
\ 
\ 
'
 
. 
\ 
\ 
'
, 
. 
' 
\ 
\ 
\.-
J 
' 
'"
.... 
'-
,:,
 ,, 
; -
- l
' ,
 
' '
 ' '
 ' I 
CU
R
TI
S 
IS
LA
ND
 
"
 
r % ·-
' , � )
v D 
�
�
 
�
\
;.
 
. . 
f/1
 ()
 ,>"'\:
: 
-
�
 
I �r
� I 
I 
I 
.J
 y 
\\o
 
II•
 V
 /U
 
{ 
{ 
��
� 
'/
I'
·N
 
-1
.'1
 
H
 
I 
"''
 <'
 �
 )J
 i �
-:r
 (I
I/ 
II\
 
/
 '-
-'l"_<i/11 �/
 
" 
I 
Baz
�
�
���
i(
�
 
�
 
'�
 
. 
• 
I 
:.J,
. 
' 
0 
1 
2 
SC
AL
E 
IN
 M
IL
ES
 
F
IG
. 
10
.-
M
ap
 s
ho
w
in
g 
th
e 
di
st
ri
bu
tio
n 
an
d 
va
ri
at
io
n 
of
 s
an
d/
m
ud
 r
at
io
s. 
N
 
R
AT
IO 
M
AP
 
I 
a-
SA
ND
 
I M
 1000 S IL
TY
 
SA
ND
 
I 
I 
I 
SA
ND
Y 
MU
D 
. 
.I 
MU
D 
\!J_
 I 
-----1 
:'C
 
PA
CI
FI
C 
I 
'- n
 
0
 
z
 
-
d
sa
s-1
 
>
 
G)
 
I
 
>
 
z
 
SEDIMENTOLOGY OF GLADSTONE HARBOUR 27 
each case the muddy or silty sediments are located in areas of extreme energy 
variation and occur down-current (with respect to the ebb tide) from zones of 
very irregular bottom topography marked by strong turbulence during the ebb 
current. The sand component of these sediments is typically badly sorted and tends 
to be bimodal. Three areas where such sediments occur may be cited, and these 
will be discussed in more detail in a later section: (1) the channel floor at the 
junction of Compigne and Facing Channels, just east of Tail Point; (2) the shallow 
channel area between Picnic and Garden Islands leading southwards towards 
Middle Bank; ( 3) the channel floors at South Entrance and North Channel off 
Gatcombe Head. The approximate bathymetric variation of rudaceous, arenaceous, 
and argillaceous sediment fractions is shown schematically in Figure 11. 
Composition 
Some results of coarse-fraction analysis which involved thin-section and 
binocular microscope examinations are shown in Figure 11 (bottom). This diagram 
shows approximate trends in composition across the harbour, thus including 
depositional environments within the three main physiographic zones. The diagram 
illustrates the sympathetic changes of terrigenous and bioclastic materials with 
changes in sediment texture and also shows the relationship of these trends to 
bathymetry. It must be emphasized that the trends in composition and texture 
shown in this figure are approximate; trends in composition may change appreciably 
in other sections across the harbour. This point is also illustrated in Figure 12, 
which shows the variation of acid-soluble material of the bulk sediment; the map 
therefore reflects the relative concentrations of organic carbonates and other 
soluble materials since no carbonates of chemical origin were observed to occur. 
Of the major coarse-fraction constituents, terrigenous materials-dominantly quartz, 
lithics, feldspar, and heavy minerals-and molluscan-barnacle debris are the most 
important. 
In channels, the terrigenous components include angular, coarse to granule-size 
quartzose sands, with varying amounts of well-rounded metasediment rock frag­
ments ranging from granules to pebbles in size. Frequently, rock fragments are 
heavily iron stained, and, in common with detrital shells, are encrusted with 
bryozoans. Mollusc and barnacle detritus constitutes the major organic part of 
the coarser sands and gravels in this environment. Indeed, the organic component 
commonly forms up to 50 per cent by volume of the channel sediments. 
Uncommonly, even greater percentages of shell gravel occur in areas of exception­
ally heavy tidal scour (for instance, in places where dip currents are active). For 
example, in Figure 12 the percentage of acid-solubles increases at the confluence 
of the major harbour channels and exceeds a value of 70 per cent at the southern 
end of Facing Channel. Evidently, strong bottom scour by dip currents assists the 
concentration of shelly gravels in this area (Fig. 6). Sandbanks and some beaches 
are additional sites where coarse mollusc-barnacle debris occurs (Pl. II, Fig. 3). 
Of the molluscs, lamellibranch detritus is the more important in the channels and 
on sandbanks, but gastropod (mainly Turritella) debris becomes more plentiful 
as the mud content of the sediment increases, that is to say on peripheral shoals. 
Where shoals are exposed to persistent wave action, sands are composed 
dominantly of terrigenous material, since the lighter bioclastics are selectively 
removed. This trend is seen in Figure 11, in the vicinity of North Bank. The 
higher concentrations of heavy minerals, dominantly green hornblende, also occur 
in these environments. In Figure 12, the accumulation of mud and terrigenous 
sands, on the peripheral shoals and central banks respectively, are reflected by 
the hioher amounts of acid-insolubles found there. In contrast, the accumulation 
of coa�se shelly sands and gravels on the deep floors of channels is shown by their 
relatively higher amounts of acid-solubles. Acid-solubles are also very high at 
North Entrance. In this locality, algal-mainly Lithothamnion and Halimeda­
and coral detritus form the bulk of the accumulating sediment, and terrigenous 
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material is noticeably depleted. Other fine organic detritus, notably Foraminifera, 
bryozoa, sponge spicules, echinoid material, ostracods, plant fibres, and finely 
comminuted molluscan debris, is mostly concentrated in the more protected parts 
of mudflats and sandbanks. However, the proportions of these fine organic 
constituents are generally small. 
It is clear from Figure 11 that the glauconite content of sediments increases 
markedly towards the North-Eastern Shoals. Concentrations reach a maximum 
to the east of Facing Channel where the sediment cover is generally thin and rests 
on a hard rocky substrate. The same locality is characterized by both high 
concentration and extensive glauconitization of foraminiferal tests; to a lesser extent 
glauconitization of other skeletal material also occurs. Oval or spheroidal-shaped 
glauconite pellets are an additional feature of sediments in this locality (Pl. III, 
Fig. 1). 
Lithofacies integration 
Sediment analyses have led to the recognition of four broad textural lithofacies 
groups; three of these are subdivided on textural differences into smaller lithofacies 
types (Fig. 13). In this process, quantitative data obtained for modal and sorting 
characteristics of the arenaceous sediment fraction have been integrated with the 
sympathetic variation of the sand/mud ratio. The four major sediment suites 
recognized are a muddy, an intermediate, a sandy, and a smaller carbonate facies. 
Textural descriptions of the subdivisions within these facies are given in Table 2.
The muddy facies types are restricted almost exclusively to the more protected 
shoal areas, but less-muddy variants are also found in channel areas down-current 
from sites of great ebb tide turbulence where rapid deposition of sediment occurs. 
These channel sites are the three mentioned on page 27 above, namely South 
Entrance, east of Tail Point, etc. The intermediate facies types are also found 
in the areas of rapid sediment deposition and in shoal areas surrounding or 
associated with areas where muddy facies are developed. Sandy facies are located 
in areas of strong water movement and are therefore found on the floors and flanks 
of the deeper channels. They are also characteristic of the large sandbanks and 
beaches. The only development of a true carbonate facies occurs at North 
Entrance, where a thin b!anket of carbonate sediment is associated with a small 
colony of fringing coral and algal reefs (Pl. II, Fig. 4; Pl. III, Figs. 4, 5, and 6). 
DISCUSSION 
The present work, although not detailed, has demonstrated the general 
similarity of this estuarine-tidal flat environment to those described in other parts 
of the world (van Straaten, 1954, 1961; Guilcher, 1963). This similarity is found 
in the nature, distribution, and variation of sediment texture, and suggests that 
comparable sedimentological pro,;esses are important. Such processes are dependent 
upon the factors of source and nature of the sediment and rate at which it is 
supplied, together with the various dynamical features of the tidal system which 
influence deposition, reworking, or erosion of the sediments. The factors which 
control the deposition of muddy sediments on large intertidal flats are significantly 
different from those affecting sandy sediments in tidal channel areas. It is therefore 
convenient to separate the discussion on this basis-sandy sediments and muddy 
sediments. 
Sandy sediments of the central zone 
Source 
The rocky nature of the basement provides a rigid framework for the Recent 
sedimentary deposits and exerts a constant and considerable influence upon the 
hydrodynamics. For this reason the morphology of depositional features appears 
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11:0 be relatively stable, and-assuming that neither subsidence of the area nor long­
range sea level rise are important-present-day addition of sandy sediment to the 
harbour is probably slight. However, it is necessary to examine the possible 
mechanisms, past or present, which have contributed sands and gravelly sediments 
to the area. 
The most important mechanism supplying sand to coastal regions, that of 
northward drift, is apparently ineffective in delivering significant amounts of 
sediment to the harbour. Within the harbour itseH, the drift of sands along the 
mainland coast is hindered firstly by the general absence of large waves from the 
open sea, secondly by the general north-west trend of the shoreline which is 
therefore parallel to the direction of wave motion, and thirdly by the proximity 
of the deep Shipping Channel to headland parts of the shore. Because of this last 
factor, sands which do enter the harbour by drift are probably lost to the deeper 
channels. In addition, as noted previously, ebb tide flushing of the harbour 
channels, particularly through South Entrance, outweighs effective introduction of 
sand by flood tidal currents through these inlets. This situation is caused by 
several factors. Firstly, tidal streams are generally asymmetric, the ebb tide running 
faster than the flood. Secondly, and because of this asymmetry, tidal currents 
flowing out of the harbour are much more turbulent than flood tide streams 
entering it. Contributing to this state of imbalance is the fact that more turbulence 
is generated within the harbour by the interaction of strong ebb tide currents and 
irregular submarine topography than is generated in flood tide waters entering the 
harbour from the lower sandy part of the estuary where bottom relief is much 
gentler. From these considerations, and from the areal nature of grain-size 
distributions shown in the accompanying maps, reworking and actual erosion of 
channel sediments within the harbour is thought to be more important than the 
processes which introduce sandy sediment through the channel inlets. Thus, of the 
potentially available sand supply accumulating outside the harbour inlets, probably 
little is actually added to depositional sites within. 
Nevertheless, the exchange of sand from the harbour to the sea by marine 
processes has almost certainly been different in the past. At times of fluctuating 
sea level, the direction of sediment movement into or out of the harbour would 
have responded to changes in the marine profile of equilibrium. Thus, sediment 
introduced at earlier times by tidal movement or by waves may comprise much 
of that still present, even though now redistributed throughout the various sites 
of deposition. Furthermore, although no detailed petrography has been attempted, 
significant mineralogical dissimilarities between harbour sands and those from the 
outside coastline have not been observed. Nevertheless, the origin of harbour sands 
is a problem which is not well understood, and other obvious possible sources 
include: firstly, contributions by streams from the hinterland, during Recent t_imes 
and at times of lower sea level; and secondly, contributions by wind. Additional 
complications arise if sand-sized sediment is introduced from the Fitzroy River 
Estuary through the tidal channel of the Narrows. 
At the moment, streams entering the harbour do not appear to carry heavy 
loads of sand (this has been discussed earlier, on page 23). The importance of 
the Fitzroy River-Narrows waterway as an additional source of sand is not known. 
However, its influence is thought to be slight, since, although the Fitzroy River 
in flood carries large loads of sediment to the coast (Maxwell & Maiklem, 1964), 
the tidal passage through the Narrows is constricted and part of it emergent 
between tides. The other possibility-that stream sediments were deposited in· 
the estuary during Pleistocene glacial stages-is real and significant. It was noted 
above that well-rounded pebbles form a significant part of sediments dredged from 
the harbour channels, and where water motion is sufficiently strong they are also 
found on bars (PI: I, Fig. 5). At the present time, however, it is unlikely that 
sediment of this nature is being supplied to the deeper parts of the estuary through 
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34 SEDIMENTOLOGY OF GLADSTONE HARBOUR 
river and tidal action. Nevertheless, atte�tion has already been _drawn to the fact that gravelly sediments of apparently fluvial �atll:re and pre-man�e age have been 
found to underlie marine sediments of the Shippmg Channel. It IS there!ore cl�r 
that, ultimately, some· bottom sediment in the harbour �ay have a rehct fluvial 
origin, and this applies particularly to the �oarser terngenous comp�nents of 
sediments which now form a lag-concentrate m the deeper channels. Fmer con­
stituents would obviously have been dispersed to other places through reworking 
by tidal scour subsequent to marine drowning of the estuar�. 
The role of wind in contributing sand to the harbour IS apparently of some 
importance. Binocular microscope studies of sieved coarse-fractions from sediments 
of the North-Eastern Shoals show that much of the finer quartzose sand from these 
sediments is characterized by surface frosting and high sphericity. Also, many 
grains are iron-stained, this being _a feature of dune sands on parts of nearby 
Facing Island. Sands from more distant shoal areas, h�wever, do n_ot appear to 
be influenced by wind to this extent. In general, the dispersal of fme and very 
fine sands from channels to peripheral shoal areas is undoubtedly achieved by 
currents and waves. 
The above discussion is presumed to have dealt mainly with the supply of 
terrigenous sands and gravels to the harbour. The production and supply of 
bioclastic materials is also important. Sedimentary particles of organic origin 
constitute appreciable amounts of sand- and gravel-sized sediment. Presumably, 
some of the finer biodastics (Foraminifera, etc.) are derived from the open sea 
and are concentrated and fina1ly deposited within the calmer waters of the estuary� 
others (ostracods, molluscs, etc.) probably have their origin upon the shoals 
themselves. The coarser deposits of shelly gravels found on the floors of the deeper 
channels are typical of this environment when compared with other estuarine areas. 
According to van Straaten ( 1954, p. 21) mollusc assemblages in these sites should 
be generally representative of the estuarine-tidal flat system as a whole. Verifi­
cation of this is seen in the more pronounced diversity of this assemblage than is 
norma1ly observed in molJusc faunas from any other particular environment. 
Nevertheless, most of the molluscan genera represented in channel sediments are 
shoal and mudflat dwellers (for example, Anadara, Trisodos, Mesocibota,
Tigammona. Regozara, Placamen, Anomalocardi, Biplex, Protapes). After death 
many of their valves are removed from shoals by currents and waves and sink into 
�he d�eper �hannels, where they beco�e trapped (Postma, 1957, p. 336). One way 
m w�Ich th1_s occur� was observed dunng low tide in an ebb gully on North Bank. 
In this locality erosiOn of large mo1lusc valves was caused through their being rolled 
along the floor of the gully by turbulent water motion (Pl . I, Figs. 3 and 4).
T�e importance of �mall coral-algal fringing reefs at North Entrance in 
supply•.ng carbonate sedunen.t �o .t�is locality has already been mentioned.Ecologically, reef growth here Is significant. It clearly results from the proximity of 
the area. t� the open sea; from the sheltered nature of the area, protected as it isfrom dnftmg san�� and from the dominating influence of the central harbour 
channels on the d1scharge of muddy flood-water through South Entrance . 
. To summarize? sand- and gravel-sized sediment occurs through mixing of
�edtments from. vanous �ourc�s .. It is likely that much of the sub-bottom sedimentm the �stuary IS of . fl�vial ongm and was deposited during the waning stages of t�e Pleistocene glaciatiO�s. :rhese deposits are thought to have been reworked by 
ti�al move�ents, resultmg m coarse lag-sediments in channels and dispersal of 
wm�owed fme.s to shoal �reas. S':lbsequently, they have been mixed with and/orbuned by .sedim�nt SUJ?phed by hd�s, waves, winds, and streams, as well as bylocally ?enved .b10clas!•c�. The terngenous components of harbour sands appearto b.e. mmeralogically similar to sa!lds found along the open coast, although presentadditions to the harbour from this source appear to be small. This would imply 
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that the bulk of sandy sediment in the harbour, especially the more mobile 
medium-fine grades, may have been derived at various stages and at various rates 
from the adjacent open shelf and coastline. Variations in the conditions of supply 
from this source would have been controlled primarily by glacioeustatic changes 
in Pleistocene sea level. Consequently, in post-glacial times, a residual transport 
of sand into the harbour from the open sea may have been required to�balance 
changes in marine profiles of equilibrium as gradual drowning of the region took 
place. At the present time, it is probable that general equilibrium conditions have 
been attained, so that outgoing and incoming transport of sand keep each other 
approximately in balance. 
Sedimentary processes 
One of the most fundamental processes affecting textural variation in the tidal 
environment of the harbour is the endless reworking of sediments exposed to 
tidal currents and waves. This action eventually results in the selective separation 
of various size classes; fine particles are thus winnowed and removed to more 
sheltered localities, coarser grades remain behind to be concentrated ultimately in 
places where they are trapped by gravitational forces and from which water motion 
is not strong enough to move them. As Postma (1957, p. 346) has noted, the 
process of selective separation is repeated an infinite number of times in the 
direction of both the ebb and flood current. The sedimentary particles are carried 
back and forth in the same area, resulting eventually in a complete areal adaptation 
-of grain-sizes to areal differences in turbulence. Other factors are important in 
supplementing this mechanism, but these are chiefly concerned with the concen­
tration and deposition of muddy sediment on peripheral shoals and will be 
discussed in a later section. 
Where medium to very coarse sandy sediments occur throughout the Central 
Channels and Banks, the winnowing action of turbulent water is obviously of great 
importance. In this zone waves are active on the large sandbanks, especially during 
lower levels of the tide (Pl. I, Fig. 2), but cannot appreciably affect sediments 
on the deeper channel floors. In the latter environment reworking and winnowing 
is primarily a function of the turbulence generated during the periods of tidal 
flow. Since the fastest currents are found in the central parts of the large channels, 
these zones are naturally characterized by high turbulence and therefore by very 
coarse, and even gravelly sediments. Moreover, as noted earlier, additional 
turbulence results from the actions of secondary currents and dip currents and 
from the interaction of currents with rugged bottom topography. Because these 
conditions are manifest in the larger channels of the harbour interior (Fig. 6) and 
because turbulence is greatest there during the ebb tide (see above), scouring of 
bottom sediments from channels is probably marked in these areas at this particular 
stage of the tide. Sediment eroded in this way would be carried by the ebb current 
towards South Entrance, where the maintenance of turbulence is less, and 
deposition would be expected to ensue. Indeed, there is much evidence to suggest 
that this mechanism actually occurs. Thus, as South Entrance is approached from 
within the harbour, sediments on the channel floor become progressively finer 
grained and consequently better sorted (Figs. 7, 8, and 9); they contain progress­
ively smaller amounts of coarse bioclastic debris (Figs. 12 and 13) and increasingly 
:greater amounts of .silt and mud (Figs. 10 and 13). However, once outside the 
tidal inlet, these sediments are replaced rather abruptly by cleaner quartzose sands 
which are more typical of the lower estuary and open coast (Fig. 13). It would 
seem, therefore, that the capacity and competency of sediment-laden turbulent 
water draining from the harbour at ebb tide is quickly reduced as it flows into 
this deeper_ section of the ch
ann�l. Depositio!l is apparently. so rapid he�e �t this time that silt and mud are deposited along with coarser particles, and this gives a 
rather immature texture to the resulting deposit. Presumably, the cleaner sands 
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which replace the muddy facies outside the harbour mouth are supplied to the 
channel by waves and currents from the large sandbanks and beaches in the 
lower estuary. Some of this sediment would be expected to encroach northwards 
upon the mouth of the harbour at flood tide, but appreciable amounts do not seem 
to enter very far. Although some mixing of sediments derived from both within 
the harbour and from the lower estuary may occur in the region of South Entrance, 
the dominance of the .ebb rather than the flood tide perhaps accounts for the 
present areal nature and distribution of sediment. In the long run, a balance 
between deposition and erosion is possibly maintained throughout the effective 
length of the inlet depression, since depths here apparently remain fairly constant. 
Where channel sediments are found to be muddy in other localities, a similar 
mechanism to that described above is thought to be responsible. It will be recalled 
that sediments of this nature are also founci east of Tail Point in Compigne 
Channel, and between Picnic and Garden Islands. Evidently, deposition also takes 
place in these two places during the ebb phase of the tide, since sediment is 
suspended by strong turbulence in up"current areas. of bottom irregularity at this 
time (Fig. 6). 
Three additional localities where sediments of similar nature are found are 
worthy of discussion. Two of these occur on Middle Bank, and the other locality 
may be said to occur generally along the channel edges of the South-Western 
Shoals,but especially in that part off the Meatworks Jetty (see page 25 above). 
In all three cases, sediments .are similar to those discussed immediately above (Figs. 
7, 8, 9, and 10), except that the sand components are mainly very coarse, and on 
Middle Bank mud contents are generally low because wave and current actions 
here are more intense (Pl. t Figs. 1 and 2). Invariably, sand components in these 
places are bi�podal, and this is due to the mixing of finer quartzose sand with 
coarser fragments of bioclastics. The bulk of the latter material is usually of 
molluscan origin, and this being light and flaky probably has a similar hydraulic 
equivalence to the. quartzose material with which it is deposited (Pl. III, Fig. 2). 
Sediments which show strong bimodality of sand components consequently have 
high amounts of acid-solubles, and this correlation is quite marked in th� three 
areas under present discussion (Figs. 7 and 12). In each locality, deposition is 
thought to take place rapidly; sediments are lifted from channels by turbulent 
water, transported by currents to nearby shoals, and there deposited. In the 
Meatworks Jetty locality, the process is thought to be active during the flood tide. 
At this time, strong turbulence is probably induced in incoming bottom waters in 
the rapidly-shoaling channels off South Trees Point (Fig. 4). Coarse and very 
coarse channel sediment, mostly shell debris, is thus placed in suspension, and is 
swept almost immediately on to the extensive shoal area off the Meatworks Jetty 
where it is quickly deposited. More generally, but to a smaller degree, this· action 
evidently occurs along the edges of the South-Western Shoals, particularly where 
there is a strong component of flood tide water movement transverse to the 
direction of the shoal edge-for example, shoal areas near the mouth of the Calliope 
River and opposite the western end of Compigne Channel (Figs. 7, 8, and 9). Once 
deposited, much of this coarser sediment apparently resists erosion by subsequent 
ebb tide currents. Nevertheless, the combined actions of waves and currents may 
be responsible for its redistribution at a later time. (What may be a similar 
phenomenon to that discussed here has been observed by Postma, 1961, p. 182. ) 
The mud content of sediments in these zones is generally fairly high (Fig. 10). 
It is probable that, although some of this is deposited during the flood tide stage 
concomitantly with sand-sized material, most is deposited during the turn of the 
tides (van Straaten, 1954, p. 68). 
· 
In contrast to flood tide deposition of sands on the South-Western Shoals, the 
deposition of very coarse sands in .the two localities on Middle Bank apparentlv 
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takes. place during the ebb tide. At this time, bottom turbulence is so strong inlocalized areas near. Middle Bank that vigorous upwelling of bottom water occur�at _the surface (Ftg. 6). Presumably, this water contains supended channel sediments of coarse and very coarse grain-size, some of which is transported by 
the currents onto the shoals of the bank itself (Figs. 7, 8, and 9). Areas where 
upwelling ta
�es place during the ebb tide are found in the Shipping Channel off 
Perm�a.n Pomt, and these undoubtedly provide coarse sediment for subsequent depo�1t10n do�nstream along the northern end of the bank. Similarly, in the other 
locality on �tddle Bank, south of Datum Point, sediment is evidently supplied 
from the Rtch Rock area in the Shipping Channel off Barney Point (Fig. 6). 
These p�aces where upwelling and suspension of very coarse sand takes place 
necessarily occur up-current from the particular sites on the bank where its 
deposition subsequently ensues. However, it will be noticed that the localities 
marked by especially strong upwelling may also occur some distance laterally 
away from the bank towards the central parts of the Shipping Channel. It might 
be argued, therefore, that very coarse sediment brought to the surface waters by 
turbulence would fail to reach down-current areas on Middle Bank because ebb 
tide currents would prevent its transverse movement on to the bank. It may be 
significant, then, that secondary currents are usually well established during the 
ebb tide (Fig. 6). Although lack of detailed investigation in the field does not 
allow a more exact interpretation, it is thought that transverse movement of 
suspended sediment from channels to banks is facilitated by the secondary water 
motion of these currents. A better appreciation of this process may be gained 
from Figure 5 if it is assumed that suspended particles of sediment tend to follow 
the arrows which indicate secondary water motion in this diagram. Consequently, 
the localized areas of vigorous upwelling which result from the interaction of 
bottom irregularities and ebb currents in the Shipping Channel would tend to 
supply patches of coarser sands to Middle Bank; in addition, finer sands which 
are brought to the surface in upwelling bands along lines of secondary current 
divergence would also tend to be fed to the bank at this time. The areal pattern 
of textural variation-size, sorting, etc . (Figs. 7, 8, and 9)-of sediments on Middle 
Bank is in general agreement with this hypothesis. 
Because it is usual for current rips to migrate away from shoals towards 
the axes of channels during progression of the ebb tide (Postma, 1950, p. 35; 1954, 
p. 18). the pattern of rips shown in Figure 6 does not indicate geographically
fixed boundaries between secondary currents in Gladstone Harbour. It is not 
possible, therefore, to establish the exact secondary current conditions which may 
lead to the movement of sediment onto Middle Bank. However, the mechanism 
is self-evident from figure 5 if convergences occur above or near the bank when 
channel waters are rich in suspended sediment (see also Pl. II, Fig. 5). Obviously, 
deposition on top of the bank would require that it be submerged . This may 
indicate that d�position is more effective here during the early ebb stage, a time 
when convergences would also be expected to occur over the bank. On the other 
hand, current velocities at this time would be smaller than at later stages of the 
ebb, suggesting that turbulent upwelling of suspended sediment would therefore also 
be less. 
Although little is known about the influence of secondary currents on. sediment 
mechanics (Kennedy & Fulton, 1961), a few workers have already suggested their 
possible importance in providing a mechanism of sediment accumulation similar 
to that discussed above (for instance, Uda, 1936, 1938; Glangeaud, 1938a, 1938b; 
Guilcher, 1963, p. 637; Vanoni, 1944; Nemenyi, 1946). More recently, however, 
Off ( 1963) has concluded that cross-currents in strong tidal environments are 
not responsible for the growth and maintenance . of large sandbanks comparable 
to Middle Bank, although he recognizes the similarity of these features to "seif" 
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dunes in desert regions for which Bagnold (1941) has favoured a cross-current 
origin. Nevertheless, Off's (1963) theory of sediment accumulation in bands of 
reduced current velocity would seem compatible with the special situation in which 
reduction of current velocity is effected in the lee of obstacles such as islands. 
In this situation, sediment "shadows" (Bagnold, 1941) would accumulate, similar 
to the large current-orientated sandbanks attached to islands in the Port Curtis 
Estuary, for example, Middle and North Banks. Off (1963) has called such 
features "tidal current ridges". In the Gladstone Harbour it would seem that a 
mechanism for the growth of sand "shadows" analagous to that of Bagnold's 
(1941) may have been important during the early stages of bank development� 
once initiated, however, lengthwise extension and maintenance of these banks may 
have been controlled to a significant extent by secondary currents. 
Muddy sediments of the peripheral shoals 
Apart from the special conditions which permit limited deposition of mud 
in the Central Channels environment (see above), mud concentrations are confined 
to the wave-protected and· current-protected shoals found in peripheral parts 
of the harbour (Fig. 10). This is not an unexpected pattern, because it is similar 
to those found in tide-dominated regions elsewhere. In contrast to the rather 
extensive accumulations of mud within the estuary, nearby coastlines facing the.· 
open sea are devoid of mud because they are frequently subjected to heavy surf. 
Source and concentration factors 
Muddy sediment is supplied to the estuary from the hinterland, especially 
during times of seasonal river floods. This material is flocculated within the lower 
tidal reaches of the streams and perhaps within the main part of the estuary 
itself. The Calliope and Boyne Rivers are most important in this respect, but in 
addition supended sediment is probably introduced from the Fitzroy River by 
way of the Narrows. As stated· earlier, a tidal stream flows southwards 
through this inlet during the later stages o{ the flood tide� consequently, it is 
possible that turbid river water from the Fitzroy may contribute to this current, 
thereby adding muds to the Port Curtis Estuary. Although some argillaceous 
sediment could be supplied to the estuary through marine erosion of sediments 
on the adjacent sh�lt this source is not significant at present because these 
sediments have been shown to be generally non-muddy (Maxwell & Maiklem, 
1964). Nevertheless, some of the suspended sediment which is dispersed by tidal 
currents and lost to shelf waters during periods of river floods arid storms may 
eventually be returned to the estuary through the concentrating effects of the tides 
under normal conditions (see below); on the other hand, some is probably lost 
permanently to the deeper parts of the outer shelf, where. deposition of muds 
occurs (Maxwell & Maiklem, 1964). · 
Having considered source aspects, it is necessary now to examine the processes 
responsible for the retention, concentration, and deposition of argillaceous sediment 
within the estuary-processes which evidently do occur despite a probable high 
rate of water exchange between the estuary and the open sea. Because of this 
continual drainage of the estuarine waters, it might at first be expected that fine 
suspended sediment would be removed from the estuary during the ebb tide, 
dispersed by waves and longshore currents, and so permanently lost from the area. 
Indeed, this dissipation would be expected from the nature of the turbidity gradient 
normally established-namely, high turbidity near river mouths and in. estuarine 
waters, gradually decreasing towards the open sea. In fact, under normal 
conditions, suspended mud and silt is concentrated towards peripheral shoals within 
the estuary. 
Most significant investigations directed towards an understanding of mud 
concentrating processes in tidal flat areas have been made by scientists in the Low 
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Countries of Europe, an area where the processes have important bearing on the 
reclamation of land from the sea (Postma, 1954, 1959. 1961; van Straaten, 1954, 
1961:' van Straaten & Kuenen, 1957, 1958; and Guilcher. 1963). Many of the 
factors observed by them favouring deposition of mud are probably important, 
not only on the coasts of Europe, but in estuaries and tidal flat regions throughout 
the world. They include many biological factors-for instance, formation of large 
floccules of organic detritus to which clay and silt particles adhere; flocculating 
and binding actions of diatoms; production of faecal pellets and pseudo-faeces 
by suspension-feeding organisms on tidal flats; fixing of mud through the burrow­
ing and binding actions of benthonic molluscs and algae; sediment-trapping effects 
of mangroves and marsh plants-and mechanical-physical factors-for example, 
the adhering properties of mud deposits which tend to delay subsequent tidal 
erosion; and on the higher flats, desiccation of mud during periods of exposure 
leading to compaction and lending permanence to the deposits. Nevertheless, most 
of the factors mentioned above, especially those of a biological nature, are 
dependent on the local ecology and are therefore important only in local parts of 
the tidal flat environment. Furthermore, none of them actually explains how 
suspended argillaceous sediment is concentrated initially towards protected shoals; 
however. the above factors do explain in part·how -deposition and preservation 
of muddy sediment take place ·once suspensions of sediment have been made 
available in the tidal waters. A more significant process is involved, and this is 
more or less independent of local ecology and is probably of universal importance 
in tide-dominated regions. The mechanism. which will be discussed below, is 
therefore applicable to the present area of investigation, in which conditions are 
undoubtedly conducive for its operation. 
Detailed studies on the distribution of suspended sediment in the Dutch 
Wadden Sea (Postma, 1954, 1961) have shown that the concentration of 
suspended mud typically increases with distance away from tidal channels towards 
the shoreline flats. Moreover, in certain areas these concentrations are much 
higher than those of the supplying waters, which in this case come from the North 
Sea and not from the local rivers. To account for this shoreward increase of 
suspended sediment, which occurs despite tidal water exchange between the 
Wadden and North Seas. Postma ( 1954) put forward a hypothesi� which was 
later refined and modified b yavn Straaten & Kuenen (1957, 1958). This expla­
nation was based on the differential effects on sediment mechanics between the 
flood and ebb tides, combined with the general inward decrease in depths and 
average tidal current velocities towards the shore. It was pointed out that sus­
pended sediment underwent a "settling lag effect" during the flood and that 
during the ebb deposited sediment experienced a "scour lag effect" Specifically, 
"settling lag" describes the phenomenon whereby a time lag occurs between the 
moment at which a current of decreasing velocity can no longer hold a particle 
in suspension and the moment at which this particle reaches the bottom. It is 
clear then that the settling lag will cause the flood tide current to transport and 
perhaps deposit fine sediment further shorewards than it would if no time lag 
was involved. Secondly, "scour lag" describes the phenomenon whereby a greater 
velocity is needed to erode a sediment particle than the velocity at which deposition 
of the particle from a flowing suspension would begin. Thus, the effect of the 
scour lag is that re-suspension of a particle deposited during the slack-water period 
between flood and ebb tides will take place during the subsequent ebb tide in a 
water mass the relative position of which is displaced further shorewards than 
the water mass from which the particle was originally deposited. At high tide, 
then, sediment particles which are transported by suspension will undergo an 
inward shift. It follows from this that over many tidal cycles sediment is displaced 
further and further towards the shorelines or high tidal marshes. In this way, 
sediment will be deposited finally in areas in which subsequent ebb tide currents 
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.t Naturally this process of concentration andare not strong enoug o er · • d k 1 d de osition of mud on peripheral shoals would _be expecte to ta. e p a�e pn er p 
1 d"t" ely when the shoal sediments are not bemg agitated ornorma con I Ions, nam , · h eroded by strong wave scour. During periods of st_o�m, or at times w en �ave 
action is unusually strong on the shoals, large quantities of mud are _brought mto 
suspension and this may be lost subsequently through removal by th� tidal cur�ents.
More recently, Postma ( 1959, 1961) tested the hypothesis of sediment
accumulation outlined above. His conclusions support the general concept of 
settling and scour lag effects, but his findings ind_icate �hat other factors a�e
involved. In particular, it was foun� from �he an�lysis of _ field data th�t the mam
factor causing net inward shift of fn�e sedime!lt IS. the different beh� vi our of the
sediment during high tide and low tide; at high �Ide. nearly all sediment settled,
while at low tide much of it remained in suspensiOn. m the deeper channels. !fe
concluded from this that inward displacement of_ sediment _oc
curre� between high
and low tides as described above. However, sediment particles whic�. were tra�s­
ported back to channels at low tide but which did not. have sufficient �ettlmg
time to be deposited there-for example, because of mcreased depth m the 
channels relative to depths on the tidal flats-did not. undergo � scour l�g effect
during the following flood tide. T·his meant that t�e mward s�Ift of sediment at 
high tide was not compensated by an outward shift at low tide. Consequently, 
over one tidal cycle, the sediment suffered a net inward dis_Placement. �he 
difference in settling behaviour is caused by the fact that the time span dunng 
which current velocities are low enough to permit settling of fine material is much 
longer at high tide than at low tide. This difference in duration of flood and 
ebb tide still-stands is due to the decrease of mean current velocities from the 
tidal inlets towards the shore and also to the asymmetrical shape of the ebb 
and flood tide time-velocity curves in small tidal channels near tidal flats; when these 
time-velocity curves are compared with a sine curve, the velocity maxima of the 
former curves are displaced towards low tide (Postma, 1961, Fig. 8).
There is little doubt that mud flats at Gladstone are built and maintained 
by a mechanism comparable to that described above. Moreover, the fact that 
water circulation in the harbour is estuarine in character-that is to say there is 
surface run-off of brackish water with saline water entering as a bottom current­
probably helps to store fine sediment in the estauary. In this way, suspended 
sediment which has settled into deeper channel waters at low tide is reintroduced 
into the estuary by the incoming flood tide current (van Straaten & Kuenen, 1957).
With regard to the influence of wave action on mudflats at Gladstone, it has
been stated already that the strongest and prevailing waves in the harbour are
gene�ated by the south-east trade winds. Shoal areas exposed to these waves aredevmd of mud, and shoal areas with rich mud deposits are found in places which
�re sheltered from them. Generally, as mean high tide level on the mudflatsIs approached, the mud content of the sediment becomes less, so that the sedimentbecomes more sandy (Fig. 10). This is caused by the increase in wave scour as the. water� bec?me more shallow. Where mangroves occur at this level, thesediment I� typically muddy because wave scour is not appreciable and becausemud-trappmg effects are enhanced by the plants and organisms which inhabit thezone. Above the mean level of high tide, fine sediment is concentrated on theclaypan� an� on th� tidal m�rshes where salt-resistant grasses are found. In theseareas, tidal mundation� are _mfrequent (Pl. II, Figs. 1 and 2), and the inflow ofwat.er across the pans IS typically very gentle. Under these conditions flotation of sedimen� occ�rs (van S�raaten & Kuenen, 1957, p. 338), and sediment is trans­ported. m this �J.anner �nwards towards the shoreline edges. However, during flood tide, very little se�Iment �eaches the pans from the main part of the estuarybecause suspended sediment IS mostly trapped in the mangrove belts which
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separate t�e tw� area�. Tidal marshes and claypans are dissected commonly by 
small gullies which evidently cause some erosion, but re-circulation of the eroded 
deposits is not thought to be a major source of fine sediment in the area. 
Types of sedimentation 
Van Straaten ( 1954, 1961) has defined two main types of sedimentation in 
tidal flat areas. These are respectively "lateral sedimentation" and "vertical sedi­
mentation". Lateral sedimentation results from the meandering and migrating 
actions of small tidal gullies and gives rise to inclined fore-set-type beds which are 
deposited o� the prograding sections of the meanders. This process generally 
occurs on tidal flats and marshes but does not seem to be especially important 
at Gladstone. Small tidal channels are not well developed on the North-Eastern 
Shoals, and such gullies on the South-Western Shoals, seaward from the mangrove 
zone, generally have rather straight down-slope courses over the mudflats. 
Meandrine gullies and tidal creeks are well developed in marsh areas behind the 
mangroves but these appear to be relatively stable. Although principally affecting 
sands and muddy sediments, lateral deposition may lead to the concentration of 
shelly materials at the base of the deposited prograding unit (van Straaten, 1954, 
1961). Examples where shell beds are formed in this way occur on North Bank 
(Pl. I, Fig. 3), but the mechanism is probably unimportant in the Gladstone area. 
In contrast, vertical sedimentation which results directly from the deposition of 
suspended sediment is the chief method of deposition in shoal areas; thus, mudflats 
are strongly influenced by this process. 
Rates of sedimentation 
Little information regarding the rates of sediment deposition is available. 
It has been inferred that the Port Curtis Estuary has developed through the 
drowning of a river valley subsequent to post-glacial rise of sea level; seconqly, it 
is thought that subsidence of the region during this time is unlikely. If this is 
correct, the peripheral and central shoals of the estuary have been built up in 
response to changes in the marine profile of equilibrium during the rise in level. 
Also, it would seem from a study of old and recent charts of the harbour that the 
sedimentary features have remained very stable over the last half century. This 
apparent stability is maintained by regular and vigorous tidal movements whose 
action, it would seem, has been to establish a quasi-equilibrium state of sedi­
mentation within the confined estuarine tract. Energy gradients are steep and 
command considerable 'response from the hydrodynamic processes. Consequently, 
it is possible that extended depositional rates in most environments are at present 
either moderately slow or nil. In the Central Channels and Banks zone, equilibrium 
conditions probably have been attained, so that sands are re-circulated between 
banks and channels. On the other hand, rates of vertical accretion on peripheral 
shoals are probably somewhat higher, since energy conditions here are more 
favourable for deposition. Nevertheless, erosion of finer sediments from the fiats 
during periods of storm may counterbalance net deposition to a significant degree. 
It was noted earlier that parts of the North-Eastern Shoals are rocky and are 
covered by only a thin veneer of sediment. That little or very slow permanent 
deposition of sediment occurs in these localities explains the fact that glauconite 
diagenesis reaches a maxi�um in these. sites (Fig. 11; Pl. III� Fig. 1). Th.us, con­tinued exposure of fine sedtment to marme waters enables fixatiOn of potassmm and 
iron within the lattice of suitable clays (Burst, 1958). On the South-Western Shoals, 
sediments appear to be thicker than they are in other peripheral shoal areas within 
the harbour. In general; the overall pattern of sediment drift favours deposition on 
this side of the harbour, so that sedimentation rates here may be higher than·else­
where. In fact, depositional rates may reach a maximum in the mangrove belts of 
this zone. 
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CONCLUSIONS 
1. Formation of modern sediments within the Gladstone Harbour is con­
trolled by sedimentary processes which are broadly characteristic of tide-dominated 
inshore regions in other parts of the world. 
2. The contemporary marine environment of the Port Curtis Estuary has 
evolved throughout Upper Cainozoic time in response to �hanges of sea level �nd 
marine profiles of equilibrium. In particular, the lowermg of. sea lev�l durmg Pleistocene glacial periods exposed the region to suba�rial erosiOn. �urmg these 
times, the courses of the larger streams, most of whtch were established al<?ng 
zones of faulting, were deeply incised into the basement. As subsequent drow�mg 
of the region occurred, fluvial sediments-gravels, clays, and sands-were depost!ed 
in these channels as the rivers readjusted their grades in response to the changmg 
base level of erosion. 
3. With the marine drowning and establishment of strong tidal conditions 
within the estuary, sedimentary processes became dominantly tidal. In t�e deeper 
channels, the older fluvial sediments were reworked through wave and tidal scour 
and subsequently intermixed and buried by marine sands introduced from other 
localities. Much of the introduced sand was derived from the adjacent shelf and 
coastline to the south through the inlet of South Entrance. Transport of sediment 
into the estuary by waves and currents from these areas was required to balance 
changing marine profiles of equilibrium in accordance with the regional changes in 
hydrographical conditions. Sands and mud from the hinterland streams and 
wind-blown sand from the outer continental islands have also been added to the 
estuary. However, sand contributions from the two latter sources are probably 
small. At the present time, net addition of sandy sediment to the harbour is 
thought to be slight-firstly, because a sediment balance has probably been 
attained; and secondly, because streams entering the harbour do not carry heavy 
loads of sand. 
4. The energy gradients associated with tidal circulation in the estuary are 
very steep because of the wide range of hydrological conditions which occur 
simultaneously over short distances, for instance, between lateral shoals and axial 
channels. These areal changes are primarily differences in the degree of average 
turbulence which characterize specific sedimentary environments and which effect 
textural differentiation of the sediments. Accordingly, where swift currents occur 
throughout the axial channels, turbulence is high and sediments are winnowed of 
finer particles, which are transported and deposited upon shoals where turbulence 
is less. In this manner, gravelly sands accumulate on the floors of the deep 
channels, where the strongest currents occur at flood and ebb tides, and finer­
grained sands are found on the axial sand banks and peripheral shoals. Rounded 
pebbles which comprise part of the bottom sediment in the channels probably 
represent reworked relict fluvial deposits which underlie marine sands in these 
localities. 
5. The actions of secondary water movements within the estuary are thought 
to exert a strong influence on sedimentary conditions there. Firstly, secondary 
currents-sets of alternating right and left helical vortices which have horizontal 
axes parallel to the channels-are established during ebb tide, when water masses 
drain together from different sources, such as mudflats, mouths of streams, 
channels, etc., but do not mix (Fig. 6); in channels, bottom sediments are affected 
by the secondary motion of the water because some of the sediment which is 
scoured from the bottom by turbulence is brought to the surface along the lines 
where secondary currents diverge (see Fig. 5). Secondly, bottom sediment is 
lifted to the surface near places where basement rocks are exposed in channels­
either in deep scour-pits or as rocky protuberances-since intense turbulence of 
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the bottom waters there causes surface-upwelling when swift flood and ebb tidal 
currents occur. It follows, therefore, that suspended sediment in the surface 
waters of channels is moved laterally under the influence of the secondary currents 
towards the linear sandbanks and lateral shoals, since lines of secondary current 
convergence usually occur along the margins of channels and banks (Fig. 5; Pl. II, 
Fig. 5; see also Postma, 1950, photo 1). In this way, secondary currents probably 
exert a marked influence upon the redistribution of suspended sediment in the 
axial zone of channels and banks and upon the growth and maintenance of the 
linear sandbanks, for example, Middle Bank. Furthermore, dip currents, which 
are an additional feature of the secondary current circulation at ebb tide, occur 
in channels at places which are characterized by deep scour-pits and bottom 
depressions (Figs. 4, 5, and 6). In these places, sediments are typically gravelly 
and in some cases probably absent, because dredging there failed to recover any 
sediment. Hence, at places where dip currents descend, strong bottom scour is 
believed to take place, and erosion depressions are formed. 
6. Certain places, both in channels and on shoals, are characterized by 
texturally immature sediments-that is, sediments which are muddy or silty and 
which are very poorly sorted or are unsorted. Three channel ·floor localities 
where sediments of this nature occur are known, and the most important of them 
is at South Entrance. Deposition of muddy sediment, both here and in the other 
two localities, is thought to occur rapidly at ebb tide, when the amount of 
suspended sediment in channel waters is large. Invariably, the sites where muddy 
channel sediments are found occur down-current-· with respect to the ebb current­
from places where very strong bottom scour and suspension of sediment is caused 
by ebb current turbulence generated by irregular bottom topography and I or by 
dip currents. Downstream from these places, the locally induced turbulence 
declines and suspended sediment is dropped rapidly, so that finer- and coarser­
grained particles-mud, silt, and sand-are deposited together. In the South 
Entrance locality it is possible also that some mud may settle from bottom waters 
at slack tides . 
. On shoals, sediments of immature texture are found along the edges of· the 
South-Western Shoals and in two places on Middle Bank. T n each instance, the 
material is thought to have been lifted from channels by turbulence and trans­
ported onto the shoals by currents. Along the edges of the South-Western Shoals, 
sediments are deposited in this manner during the flood tide. However, on Middle 
Bank, immature sands are thought to be deposited mainly during the ebb current 
when upwelling of bottom waters with suspended sand occurs in the Shipping 
Channel, and the suspended materials are transported laterally across the channel 
to the bank by secondary currents. The bimodal nature of sands in these places 
is due to mixing of coarser-grained light flakes of bioclastic materials with finer­
grained quartzose sand. 
7. By analogy with similar environments which have been well studied. 
deposition of muds on peripheral �hoals a! Glads!one is thought to oc_cur �hro�gh 
processes which favour concentratiOn of fme sednJ?ent !owards shorelines m tidal 
areas. This is brought about by the fact that at htgh tide most of the suspended 
sediment settles to the bottom and in doing so experiences a "settling lag effect" 
The result of this is that muddy sediment is deposited further shorewards than 
sand which does not undergo a marked settling lag. Furthermore, muddy_ deposits 
tend to resist erosion. Therefore, if mud has settled to the bottom on tidal flats 
at high tide, then during the subsequent ebb current, if its erosi<;m and re-suspension 
occurs, a "scour lag effect" will cause it to be re-suspended m a water mass !he 
relative position of which is further sho:ewards than the wa!er mass from �htch 
it originaliy settled. Thus, during_ �he_ htgher
 phases of the ttde, muddy sedt_ment 
undergoes an inward shift, and thiS ts not compensated by an outward shtft at 
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low tide. This is due to the fact that at low tide, when the mudflats are exposed 
and suspended mud has been transported back to the deeper channels, most �f 
the mud does not have sufficient time to settle out onto the channel floors. This 
is due to the increased depth and to the shorter duration of th� low tide still-stand 
-when compared with that at high tide-for water masses which move alternately 
onto shoals and into channels. Hence, suspended mud does not undergo a scour 
lag at low tide and is transported back onto the shoals during the next flood tide 
in the same water mass which caused its earlier erosion. In this manner, muddy 
sediment is gradually displaced further and further shorewards with each tidal 
cycle. Eventually it is deposited so close to the shore that ebb tide currents are 
not strong enough to erode it. Additional factors which influence deposition of 
muds on peripheral shoals are the trapping effects of mangroves and probably 
also the effects of suspension-feeding animals. 
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APPENDIX I 
TEMPERATURE, SALINITY, AND pH DETERMINATIONS OF GLADSTONE HARBOUR WATERS 
Water 
Station 
No. I Depth at Depth of I Tempera- Salinity Date · : ·: Time Station Measurement ture %o (in Fathoms) (in Fathoms) oc pH 
� -��- ·�·-2-2 -.5-.63- -·g :25 P.M. 5 � 23.5 32.7 
1 21 23.5 32.7 
i 5 . 23.5 32.7 ---- -----1 -- 1 -- --1---- 1 -1 ---1 2 ' 22.5.63 I 8:53P.M. 2 23.8 32.5 23.4 32.5 ·- -- ---- 1 --- 1 --- l ---,-,--- 1 -- l -- ' --3 22.5.63 9:55P.M. 23.5 32.9 
! 2 : 23.5 33.0 ·- -,---- 1 --- 1 -- -- 1 - l ---1 --- 1 4 i 22.5.63 10:45 P.M. l � I 23.3 33.1 ,i \ 2 23.3 33.2 ------· ---- 1-----1 ----1 - -- --!-- - 1----i --- r ' 22.5.63 11:25 P.M. 2t 3 I 23.2 33.0 I 5 I 2t 23.4 32.7 -----1 ---6 I 23.5.63 6:50P.M. 5 i 23.0 32.4 --1 s 1 23.o 32.4 1 --- , ----1 --- - -·�----- ,- 1 ,---1 
I 7 ! 23.5.63 8:15P.M. 5 5� i 22.9 32.6 I' -I 22.9 32.5 -j · - - 8-� 23.5.63 9:40P.M. - - 1-� -- - --�-- 22.8 l- -32-.2 �--- l '-- -,----1- ---,--- --1 --- -1�-- _111--22_._ 9 -1 - 32_ . _1 _ _ _ -__ 1 9 l
_
2
_
3_.s_.6 __ 
3_ 1 __ t _
o_: 1_0 _P_.M_._ ---
2
-
t
-- _ _ 2 _! _ _ __ ;;_:�-� · ;;:; 
10 I 23.5.63 11 :00 P.M. 4 § I 22.8 32.4 - I I 4 I 22.8 32.5 -I --- ··-- -�'--- --- ---1 I � !t_I _ _ 24_.5_.6_3_1--6-� 4_5_ P_.M_._ ----5 -_-_ --···-· _  /_' ___ ! ____ --- __ : _: � _5-1 12 1 24.5.63 - u _  u_ _ _ -__ ----!--8_.1_ 
13 24.5.63 - 1 � 5 22.8 32.4 
li - - 8.25 -·--1----1 --- 1 -- - --- -1----1 --1 --1 i 14 24.5.63 9:30P.M. 1 � 23.0 33.3 8.4 
I 1 23.0 33.4 8.4 ! ---- --1----' _____ , ___ , ___ __ , __ , __ , __ , 
15 24.5.63 !0:30P.M. 9 2 � 
22.8 32.8 8.35 22.7 33.0 
4t 9 
22.6 33.2 22.6 33.2 8.3 · ···--'---- ------1------1 --- 1 - 1 ---1'---1 16 1 I 24.5.63 II :25 P.M. 4t I } 
22.3 32.5 8.3 2 22.5 32.6 -
' -----1---·- -·-
4
! 
22.4 32.5 . 8.4 
-· __  1_7_1 _2-4.-5.- 6-3-,,
. 12:15 A.M. 2
' 
1,! 3 22.6 32.7 8.3 I2 1 22.6 32.8 8.2s ' . _ __ l ______ __ _ ___;_ ____ __l._ __ ___!. ___ .!__ _ 
- not determined 
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APPENDIX II 
CURRENTVELOCITY MEASUREMENTS, GLADSTONE HARBOUR 
---
- ----I 1 
II WATER 
STATION DATE I TIME I DEPTH : 
NuMBER 
. 1 i (IN FATHOMS) I i I I I 
CuRRENT 
VELOCITY 
(IN METRES 
PER SECOND) 
DIRECTION 
OF CURRENT 
(IN DEGREES 
MAGNETIC) i i 1 I 
--·--- 1--- - )-·--- -- -·! · -- -- -- - -.. ----! ------ ----
1 I 22.5.63 I 8:00P.M. I 5 0.51 290° I 
! 7:38P.M. ! i, 1. 33 ! i j 
---·-·--·----- · -�---
---·--
r----------- : ---·- -- ------ I --- ---
---- -----1 
2 I 22.5.63 l 9:20P.M. 1 1 0.22 1 iI ' 8 53 " ! 1 I I '
-- -- - - 1 - -
-- -- -- -- --- j--�---��� - J - ---_:_ ____ ) ___ o.��----- j -- ·-=--- -- \ 
3 I 22.5.63 9.55 P.M. I 1 I 0.33 I - i i I 1 I 
I 
I 
- -;-- I-���3--f-,: ::: :--�---�--1 - ::: ,- --=---1 
------1-- ----- ----- i ---1 0  :40 ���-j ---- �- -: -- �-2�- - 1 --= --- -1 
5 I 22.5.63 I 11:25P.M. : 1 ! 0.34 I i 
11 :20 P.M. 2: i 0.30 I - i 
� �- t-� 3 -- � 6 50 P.M 11· - --- --�- -----· �- ----�--; -- ! - --------! 
\--- ··---i -- ��-�P.M.--
,
- -------�----- �-- --1.�-- �- --=-- --- 1 
7 I 23.5.63 I 8:15P.M. I ?, i 1.33 I 
I I ! I I � ----------- --- i "--- --- ---- -· -----1--- ------ -- ------ 1 ---- ---- 1 ---- ---- j _ ___ - - --1 
! 8 I 23.5.63 l 9:40P.M. I L:\ i 0 I, - I
i ' I 9:45P.M. i ;_; i 0 
1---; - - � -;;;�; I :�����-� - ;! - I � -- �---- --- : 
__ ____ :__ ____ ____ __ __!_ _ ____ _____ _________ !__ 0 -------- -----· 
L� -� H�r�A�F�o=�=Rl
iON F�R �ATE 
L�w \��TE�-
- -1 
I I I --------- �--- - ------ """ - ---- - 1 ! ___ --- --�- ��---------- 1 - ------- -��-�-- ------- 1 ---- ---�.:�� --- -- 1------���'-· -- ___ __  :
1 Time I Height I Time 1 Height 1 Time I Height 1 Time [ Height I ' --� ; I , 
. -·-- ---- '• --------· :-- - - --- -- - 1 ---- - ---- 1 - -- -- , ----i 8:22 I 13.86' , 8:50 r 14.42' : 2:20 1.3' 2:35 0.7' • 22.5.63 I I 22.5.63 I • 22.5.63 I 22.5.63 
--- ---- , -- ---- - --- --- ----- ___ __________ _______ ,_ ·------------ ------ ! - ___ , ___ - --------· ,:;"�J
-
12�-
--�-
�;� 145' ,�;o�3 14' --� � __ ; ._�� -- --- - o .s:_j 
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LEGENDS TO PLATES 
PLATE I 
FIG. 1.-Middle Bank du�ng early ebb ti.de •. showing tidal current ripple marks. View looksso�th from Quom <;hannel; Shippmg Channel is in the middle background and 
Many Peaks Range m the far background. 
FIG. 2.-Middle Bank during low tide. Note wave erosion of the exposed windward (north­
eastern) side of the bank. View looks towards the south-east· Gatcombe Head and 
Facing Island in the background. 
' 
FIG. 3.-North Bank at low tide. Note the meandering ebb gully which drains residual shoal 
�ater back into Q';loin Channel (in the right background). Note also the accumula­
tion. of shelly sediments on _the left-ha!ld (prograding) side of the meander, anderosiOn of the bank on the nght-hand side. View looks towards the south-east from 
near Datum Point; Facing Island is in the left background and South Entrance in the 
right background. 
FIG. 4.-North Bank at low tide; closer view of the eroding (undercut) right-hand bank of 
the ebb gully shown in Pl. I, Fig. 3. Turbulent flow of gully water causes transport 
�f sand. and shells back into Quoin . Channel (}n �he background) at this stage of the
tide. VIew looks south across Quom and Shippmg Channels towards Gladstone in 
the rear. 
FIG. 5.-Gravel and sand bar at the edge of the South-Western Shoals near the mouth of the 
Calliope River. Photograph taken during low tide. View looks towards the north­
west with Mount Larcom in the left background. 
FIG. 6.-Shoreline zonation on the north-eastern side of Quoin Island. Pebbly mangrove 
mudflat forms a narrow zone between the beach and low-tide level. Note the noor 
development of a sandy beach. 
• 
PLATE II 
FIG. I.-Cracks developing on a claypan in the South-Western Shoals. In this case, note the 
control of crack formation by footprints of birds. 
FIG. 2.-Mud-cracked surface of a claypan in the South-Western Shoals. Note the advanced 
stage of desiccation by comparison with Pl. II, Fig. 1. 
FIG. 3.-Undercut section of shelly, "coquina-type" beach on the north-western side of Picnic 
Island. Shell debris is predominantly molluscan. . 
FIG. 4.-Tidal pool in rock at Northend, Facing Island. Photograph taken at low tide. Note 
the rich algal growth on the bottom and sides of the pool. (Photograph by K. Price. ) 
FIG. 5.-Sand de.position on the wave-protected south-western side of North Bank during ebb 
tide. Note the proximity of current rip (the white line which runs along the side 
of the bank and behind the boat) to the bank. View looks south-eastwards from near 
Datum Point towards South Trees Point. 
FIG. 6.-Surface of exposed sandflat at the southern end of Shoal Bay, Facing Island, during 
low tide. Note the partial destruction of ripple marks and extensive reworking of the 
sediment by the small burrowing crab Mictyris. 
PLATE III 
FIG. I.-Thin-section photomicrograph of the sand fraction of sediment sample 1028 from the 
North-Eastern Shoals. The sand component is fine- to medium-grained, and consists 
mainly of glauconitized Foraminifera tes.ts, smaller glauconite pelle�s (dark objec�ii),
and quartz grains (light-coloured particles). Mollusc fragment m the top nght 
comer. X25. 
FIG. 2.- Thin-section photomicrograph of sediment sample 1062. from _Middl� Bank. Th.e sand
is poorly sorted and consists of coarse and very coarse b10clashc debns (predommantly
molluscan) and qua�tz grains. Note _the bimodal nature of these components. X25. 
FIG. 3.-Thin-section photomicrograph of sediment sai_Tiple 1031 fr
f
om �orth Bank. �h
1
e s
T
an
h
d 
is very fine-grained, ve� :well sorted, an� consis�s mostly o temgenous matena s. e 
dark grains are glaucomte pellets, the hght grams are mostly quartz. X25. 
FIG. 4.-Coral exposed at low tide near Rat Island, North Entrance. (P�otograph by L. Allen.) 
FIGS. 5 and 6.-Views of partly submerged corals and other reef orgamsms at North Entrance 
during low tide. (Photographs by L. Allen. ) 
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